AUDIT 


ACCOU 
REVIEW. 


nA 


OSURE TRANSPANEN. 


Journal of Audit and Accounting Review (AAR) 


AND Volume 1 Issue 2, Fall 2021 


NTING 


Homepage: https://journals.umt.edu.pk/index.php/aar 


Article: 


Author(s): 


Affiliation: 


Article 
History: 


Citation: 


Copyright 


Information: 


Association of Temperature and Humidity with COVID-19 Journal QR 
Transmission in Punjab, Pakistan = 


Sadaf Mubeen!, Muhammad Hassam Shahid’, 
Hamid Haroon ur Rashid? 


'National College of Business Administration and Economics, Lahore, Pakistan 
>The University of Lahore, Lahore, Pakistan 
3World Bank, Pakistan 


Received: August 16, 2021 

Revised: October 4, 2021 

Accepted: September 12, 2021 
Available Online: November 1, 2021 


Sadaf Mubeen 


Mubeen, S., Shahid, M. H., & Rashid, H. H. U. (2021). Association 
of temperature and humidity with COVID-19 transmission in 
Punjab, Pakistan. Audit and Accounting Review, 1(2), 52—70. 


This article is open access and is distributed under the terms of 
Creative Commons Attribution 4.0 International License 


Estd. 1990 


A publication of the 
School of Commerce and Accountancy University of Management and 
Technology, Lahore, Pakistan 


Association of Temperature and Humidity with COVID-19 
Transmission in Punjab, Pakistan 


Sadaf Mubeen!, Muhammad Hassam Shahid?” and Hamid Haroon ur Rashid? 


'National College of Business Administration and Economics, Lahore, Pakistan 
The University of Lahore, Lahore, Pakistan 
3World Bank, Pakistan 


Abstract 


Due to the spread of multiple variants of COVID-19, the influence of 
humidity and temperature on their transmission and spread is a matter of 
scientific investigation. This research investigates the connection of relative 
humidity and daily high temperature with the quantity of daily definite 
COVID-19 cases in Punjab, Pakistan from March 11, 2020 to June 30, 2020. 
Generalized Additive Model (GAM) was applied to measure the said 
association. In this study, the interaction of relative humidity and 
temperature were discussed and the results indicated that the growth in 
humidity and temperature leads to a decline in the daily occurrence of cases. 
On the basis of the findings, the development and implementation of a 
proficient and effective health care information system is recommended so 
that the frequency and transmission of COVID-19 can be curtailed. 


Keywords: COVID-19, Generalized Additive Model, humidity, 
temperature 
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Introduction 


In the earlier days of December 2019, acute respiratory coronavirus 2 
(SARS-CoV-2) cases were documented in Wuhan, China. SARS-CoV-2 
triggered a new coronavirus disease (COVID-19) (Wu et al. 2020), and now 
it is a world pandemic (WHO, 2020). The clinical indications of covid-19 
contain dry cough, severe fever, pneumonia, and myalgia, causing 
respiratory failure because of alveolar injury and bereavement (Huang et 
al., 2020). Pakistan faced its first case on March 11, 2020. 221,896 patients 
were registered in Pakistan (GOP) and 4551 deaths reported in Pakistan. 
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Breathing drops and physical contact with an infected person are the 
main ways of spread of Covid-19 (WHO, 2020). Other aspects that might 
cause the spread of Coronavirus include relative humidity and temperature 
(Casanova et al., 2010). By influencing the endurance of the virus in its 
spread routes, there is an affirmation for intense respiratory Covid (SARS- 
CoV) (Cai et al. 2007; Tan et al., 2005) and disorder Covid (MERS-CoV) 
(Altamimi & Ahmed, 2020; Gardner et al., 2019). 


The novel virus has elevated worldwide issue and come to be the 
wickedest health issues. The epidemic and later pandemic spread dynamics 
will heavily be influenced by the stages and the period of resistance, on the 
consequence of weather to contagious, and common cold coronaviruses 
(Kissler et al., 2020). The coronavirus are linked with infection and track a 
seasonal form triggering winter outbreaks (Killerby et al., 2018). 


How and whether the environmental influence the transmission of 
coronavirus has not been examined so far. By taking the data of cases from 
the Punjab province of Pakistan, we observed the relationship among 
environmental causes such as relative humidity and temperature with day 
by day affirmed cases of COVID-19. This study aims to offer scientific 
proof related to future evolution under Climatic factors’ variability. 


This paper's remainder is organized as follows: we briefly highlight the 
previous literature in the next section. Section 3 describes the material and 
method utilized in this paper. Section 4 describes the results, and Section 5 
details the discussion and presents the corresponding analysis. Whereas 
section 6 offers the conclusion of the study. 


Literature Review 


Chen et al. (2020) led a study and discovered a destructive relationship of 
temperatures with COVID-19. The outcomes are in accordance with the 
prior studies such as (Ghalhari et al., 2016) reported that as temperature 
expands, the quantity of cases decreases. Thus the spread of Corona is 
strongly associated with temperature. Numerous other studies also find the 
same results (Dadbakhsh et al., 2017; G6mez-Acebo et al., 2013; 
Macfarlane, 1977). Another study by (Li et al. 2019) exposed that both hot 
and cold weather conditions adversatively affect respiratory infections. Kim 
et al. (2016) concluded a study in East Asian cities and stressed that 
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increased temperature is linked with the decreased risk of cardiovascular 
diseases. In the season of winter, the collective risk of cardiovascular and 
respirational diseases is enhanced with a high rate in Tabriz (Sharafkhani et 
al., 2019). Using time-series data, a research has shown the impact of daily 
high temperature on the chronic obstructive pulmonary disease (COPD) in 
Shanghai, which shows that a 1°C rise in daily temperature decreased the 
threat of disease by 1.25% (Song et al., 2008). Similarly, Shephard and Shek 
(1998) stress that a low degree of temperature may suppress the immune 
system. Inhaling cold air can shrink the bronchial, helping the vulnerability 
to lung infection (Martens, 1998). 


Moreover, SARS-CoV is delicate to hot temperatures, and increased 
high temperature makes it tougher to sustain (Bunker et al., 2016). 
Correspondingly, it is discovered by Donaldson et al. (1999) that low 
temperature is related to lessening the lung system and enhancing the 
exacerbations for patients with COPD. The daily temperature is considered 
a full scale to calculate temperature variability to analyze this indicator's 
impact on health status (Easterling et al., 1997). Sharafkhani et al. (2019) 
examined the rapid temperature changes and found that a respiratory and 
low-temperature burden may cause an increase in environmental stress. It 
is also found that the doctors advised the patients to keep open the windows 
of patients' rooms and avoid air conditioners. 


Earlier studies also tried to determine the impact of weather variability 
in the existence and spread of different viruses such as MERS-CoV and 
SARS-CoV (Bi et al., 2007; Chan et al., 2011; Casanova et al., 2010; van 
Doremalen et al., 2013; Tan et al., 2005). Tan et al. (2005) a study 
conducted in Beijing, Guangzhou and Hong Kong, identified the optimal 
fever related to SARS was 18°C to 30°C. Likewise, Bi et al. (2007) have 
documented the negative connection between temperature and SARS 
spread in Beijing. Casanova et al. (2010) experimented in the laboratory to 
conclude the effect of climate on coronavirus sustainability and reported 
that the virus becomes deactivated at 24°C than at 10°C. Similar laboratory 
research stated that coronavirus on plane surfaces was steady for more than 
six days at the temperature of 22°C, and the virus's capability suddenly gets lost 
at the 38°C temperature (Chan et al., 2011). Van Doremalen et al. (2013) also 
detected that MERS-CoV viruses were less harmful in hot weather. Conclusively, 
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it has been inferred by many studies that the high temperature is detrimental to the 
existence of coronavirus. 


Davis et al. (2016) analyzed that hypothesis and confirmed that low 
temperature and humidity are sources to increase diseases. Barreca and 
Shimshack (2012) carried the same study in the USA, and the results also 
specify that the mortality risk from disease increases as the decrease in 
humidity. Inhaling cold and dry air can damage epithelial, promoting the 
infection. Furthermore, the spread of flu disease is effectual in cold and dry 
weather (Steel et al., 2011). Such viruses also get enlarged with the reduced 
humidity (Shaman et al., 2009), which is very much like the novel 
coronavirus. Hence, the mortality from COVID-19 can be associated with 
the lesser humidity in cold weather. 


The high temperature was a powerful cause in the transmission of 
breathing diseases in China (Wang et al., 2020). Sajadi et al. (2020) 
analyzed the respiratory virus's fever, which was significant. Chen et al. 
stress in their study that meteorological factors can forecast the outbreak. In 
Wuhan, disease and weather are correlated, and these variables can reduce 
the infection when the weather gets warm (Guo et al., 2020). An additional 
study by Chan et al. (2020) stated that wind and humidity factors could 
impact the environment's permanency. 


Along with these variables, temperature was also found a key element 
in the situation of the covid-19 pandemic. Ma et al. (2020) also found that 
humidity and temperature variability significantly influence covid-19 
mortality. There is a substantial and robust association between the 
transmission of Coronavirus on environment and temperature (Poole, 
2020). 


After registering a novel coronavirus's initial cases, it was recognized 
that body to body spread was taking place (Lai et al., 2020; Chen et al., 
2020). The higher temperature was also documented to reduce infection 
(Lamarre & Talbot, 1989/). The previous understanding of SARS had 
confirmed that the virus vanished in hot weather in July (Wallis & Nerlich, 
2005). Specialists have also observed the same results in Covid-19 because 
of its link with the same virus. (Wilder et al., 2020). Tropical areas, lower 
temperatures, and high humidity were more suitable for transmitting the 
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SARS epidemic in 2003 (Chan et al., 2011). New research finds a link 
between air pollution and the Chinese city Wuhan's mortality rate due to a 
novel coronavirus pandemic using the Generalized Additive Model (Ma et 
al., 2020). The fever was also linked to the covid-19 spread in Jakarta 
(Tosepu et al., 2020). Wang et al. (2020) advocate that low fever is viable 
for coronavirus spread. 


Methods and Materials 
Data and Study Area 


The quantity of every day affirmed corona cases in the Punjab were 
officially composed from the website of Pakistan Command and Control 
Center of Coronavirus (NCOC) from March 11, 2020, to June 20, 2020. 
Climatic data such as daily relative humidity (RH) and Daily Maximum 
Temperature (DMT) of the Punjab capital (Lahore) were collected from the 
Meteorological Department of Pakistan (MET). The dispersal of corona 
positive cases was expected to be a adverse binomial due to the mean of 
regular cases being less than their variance. 


Statistical Analysis 


To measure the connection among environmental aspects and daily 
COVID-19 positive cases, a “generalized additive model” (GAM) was 
utilized. The GAM is a further addition of the generalized linear model 
(GLM) and semi-parametric, which is beneficial to discover the non-linear 
affiliation among weather aspects and fitness consequences (Lin et al., 
2018; Liu et al., 2020; Peng et al., 2006; Talmoudi et al., 2017; Wu et al., 
2018). Considering the growth time of corona, the influence of RH and DT, 
covariates were displayed utilizing the 14-day Exponential Moving 
Average (EMA). To justify their possible lag impact, interaction of DT and 
RH was also included if found significant. The short-term pattern is 
additionally featured by utilizing splines of time with two degrees of 
freedom. This model's degree of freedom is identified using the Generalized 
Cross-Validation score (GCV). The GCV reduces the equation: 


n dizi i-f ) 
"= rq -Af 
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Where “A” is the predicted matrix, it is clear that whenever the value of 
lambda is near one, then the spline will be extra smoothed. On the other 
hand, if the lambda value is near zero, then our spline will not be castigated 
so that the model will act just like an OLS model. 


The model is stated as: 
E (cy) = Ut 
log ue = Bo + B, DMT, + B2RH; + B3DMT, x RH; + Bans, + Bsns 


where c+ are the confirmed daily cases in a day t; u+ is the predictive values 
of regular cases at day t, 6, shows the impact of daily maximum 
temperature whereas p, represents the influence of relative humidity; and 
p3 is the multiplicative term of DMT and RH; and the rest of the coefficients 
are the natural splines coefficients of the period with two degrees of 
freedom. The transient worldly pattern was demonstrated utilizing regular 
splines of time. Earlier research has also recognized non-linear relations 
such as “U, J or V” shaped daily cases (Braga et al., 2002; Carson et al., 
2006; Muggeo, 2008; Kim et al., 2006; Curriero et al., 2002; Ren et al., 
2008; Hoffmann et al., 2008; Anderson & Bell, 2009), which are primarily 
embodied by piecewise linear terms (Carson et al., 2006; Muggeo, 2008; 
Kim et al., 2006) or other such a natural cubical spline (Curriero et al. 2002; 
Ren et al., 2008; Hoffmann et al., 2008; Anderson & Bell, 2009). It is 
usually assumed that the temperature impacts only the cases of the same 
day or one day of lag (Carson et al., 2006; Kim et al., 2006; Curriero et al., 
2002; Ren et al., 2008). A substitute for this single-day model is a 
distributed lag model (Schwartz, 2000). In this model, a spline of time is 
utilized to describe the enduring trend, and perplexing impacts such as air 
pollution are also controlled meticulously by splines. Furthermore, Stata 
version 12 was used to perform statistical analysis. 


Results 


Daily confirmed cases of the province of the Punjab is summarized in 
Figure 2. The cases varied from 10 persons to 40,601 persons, and 53.42% 
of confirmed cases occurred in Lahore, whereas Rawalpindi had almost 
8.01% of all confirmed cases. The everyday most extreme temperature went 
from 25.5 °C to 46.5 °C (Figure la). Figure 1b displays the daily confirmed 
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cases in the Punjab enhanced quickly right after May 20, 2020, and also the 
normal relative humidity fluctuated from 27.3% to 76.1% (Figure 1c). The 
per day temperature varied from 4.5 °C to 9.79 °C, varying frequently about 
5°C. The everyday average relative humidity also changed from 30% to 
86.82%, lasting more significantly than 40% on most days. 


Figure la 


The Daily Maximum Temperature Time Series in the Punjab Province from 
March 11, 2020, to June 30, 2020 
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Figure 1b 


The Time Series of the Daily Counts in the Punjab Province from March 
11, 2020, to June 30, 2020 
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Figure 1c 


The Monthly Average Relative Humidity in the Punjab Province from 
March 11, 2020, to June 30, 2020 
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Table 1 
Estimates of Regression Coefficients of the GAM for Punjab Province 
Parameter Chetan. 7o C onidence - a 
Interval value value 
Intercept 31.11 14.11 — 60.21 3.17 0.002 
Daily Maximum -4.51 -5.32 to -0.65 -2.56 0.013 
Temperature 
Daily Average -0.47 -0.93 to -0.22 -3.11 0.002 
Relative Humidity 
DT x RH 0.07 0.009 — 0.11 2.21 0.029 
NS; 3.84 -0.1 — 8.42 1.58 0.120 
nSz 4.63 2.67 — 8.14 4.63 0.001 
R-squared 0.863 Adjusted R-squared 0.811 


The results of the regression of the GAM for the province of Punjab are 
shown in Table 1. The result indicates a positive significant correlation 
among DMT and RH, the coefficient value is 0.07, and the confidence 
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interval ranged from 0.009 — 0.11. The connection among everyday cases 
and environmental factors is also given in table 1. DMT shows a negative 
association with daily patients, which specifies that an increase in DMT by 
1°C leads to decreased daily counts of COVID-19. Each 1% increment in 
day-by-day the normal relative humidity prompted a decline in the cases by 
41%. 


Discussion 


This study shows that relative humidity and daily maximum fever and 
inclined the spread of COVID-19 in Pakistan's Punjab province. 
Approximately of the confirmed cases had occurred before the Punjab 
Government imposed the lockdown period. Therefore, most of the cases 
appeared at the time of the lockdown. As the regular maximum fever 
increased, the quantity of daily cases started dropping compared to the 
lower temperature. Empirical evidence from the preceding research and 
laboratory examinations has recognized the negative relationship between 
DMT and ARH and other corona related viruses (Chan et al., 2011; Gardner 
et al., 2019; Zhang et al., 2004). Another study has stated that the threat of 
an enlarged daily confirmed cases of SARS was 19 times higher at less 
temperature in the period of the outbreak than on hotter days (Lin et al., 
2006). SARS-CoV and MERS-Cov are likely to be steadier in cold weather; 
lower fever and lower humidity prompted an increment of suspended 
substance in the air, which facilitates the perfect atmosphere for virus 
transmission (Cai et al., 2003; Gardner et al., 2019; van Doremalen et al., 
2013). 


The finding of the research is the associations between DMT and RH 
and the spread of corona cases. In the Punjab province, the interaction 
amongst DMT and RH was found to impact transmission significantly. One 
possible argument is that a mixture of less DMT and low RH makes the 
nasal mucosa inclined to little breaks, producing more chances for virus 
attack (Zhou & Jiang, 2004). Some earlier studies have detected a 
combination of humidity and temperature (Firestone et al., 2012; Liu et al., 
2019). Though earlier studies have rarely investigated the impact of the 
combination of climatological factors, concentrating on the solo aspect, 
either temperature or humidity, on the occurrence of COVID-19 (Luo et al., 
2020; Wang et al., 2020). Hence, when analyzing the effect of climatic 
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factors on the spread of corona, the combination of climatic influences must 
be examined. 


Conclusion 


The research identified the connection of temperature and humidity with 
the figure of COVID-19 daily cases reported in Punjab, Pakistan by 
applying the Generalized Additive Model (GAM). The results indicated a 
harmful relationship of the daily temperature with the regular instances of 
COVID-19. Additionally, this research also examined the daily humidity 
level and reported that it also significantly affects the virus spread. In this 
conclusion, meteorological factors affect the COVID-19 spread, possibly 
having a multiplicative impact on daily maximum fever and average relative 
humidity on COVID-19 frequency. The cyclical nature of a pandemic 
caused by a virus is a general phenomenon and is portent with peaks. 


The results are valuable in developing and implementing an effective 
and efficient health care information system to prevent the rising frequency 
of cases and to curtail the transmission of COVID-19, globally. 


This study has certain limitations. First, some other possible influences 
that can impact the occurrence of COVID-19, such as economic and social 
status, were not examined in this study. Furthermore, the data about regular 
fever and relative humidity were taken only from Lahore, the capital city of 
Punjab province. Future studies may incorporate the data of all cities of 
Punjab, Pakistan for a broader analysis. 
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